
organs that are widely distributed in 
the other classes of the Aschelminthes 
(11), but as long as no electron-micro- 
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treatment with phytohemagglutinin, 
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nonribosomal. The phenomenon is a 

response by lymphocytes to stimulation 
by phytohemagglutinin, rather than a 

general concomitant of lymphocyte 
growth. 
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ed to suspensions of human peripheral 
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these conditions most of the rapidly 
synthesized RNA in lymphocytes ap- 
pears to be nonribosomal. This ma- 
terial sediments in a sucrose gradient 
as a broad band with sedimentation con- 
stants from 6S to more than 20S. 
Our findings differed from reported ob- 
servations with other cultured cells, 
where the largest fraction of rapidly 
synthesized RNA is a 45S precursor 
which is subsequently converted to 
ribosomal RNA (6, 7). We also ob- 
served this fraction in PHA-stimulated 
lymphocytes (5), but it constituted only 
a minor portion of the pulse-labeling 
RNA. Our previous studies did not per- 
mit us to distinguish between two 

possible interpretations of our findings: 
(i) whether the type of RNA metabolic 

pattern observed was an obligatory 
property of growing lymphocytes or 
(ii) whether PHA specifically stimulat- 
ed a high rate of production of non- 
ribosomal RNA in lymphocytes. 

To clarify this problem, we com- 

pared the RNA synthetic activity of 
PHA-stimulated lymphocytes with that 
of cells exposed to streptolysin 0, an- 
other substance which provides a mito- 

genic stimulus to lymphocytes (4, 8). 
Streptolysin O is effective only in lym- 
phocytes from subjects previously ex- 

posed to hemolytic streptococci, and it 

apparently acts as a specific antigenic 
stimulus to sensitized cells (4, 8). Phy- 
tohemagglutinin requires no prior ex- 

posure, and stimulates a much larger 
proportion of the lymphocyte popula- 
tion. 

We found that stimulation of lym- 
phocytes by a specific antigen resulted 
in the production of ribosomal precur- 
sor as the largest fraction of rapidly 
synthesized RNA, but confirmed that 
the major component of pulse-labeling 
RNA produced by PHA-treated cells 
is nonribosomal. The pattern of RNA 
metabolism of lymphocytes treated with 

growth stimulating agents, therefore, is 
not fixed, but depends on the stim- 

ulating agent used. 
Human peripheral lymphocyte sus- 

pensions were prepared (2, 5) in Eagle's 
minimum essential medium (spinner 
modification) containing 10 percent 
autologous plasma and antibiotics. Phy- 
tohemagglutinin P and streptolysin O 
obtained from Difco were added as 

growth stimulants to appropriate cul- 
tures. Newly synthesized RNA was la- 
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out at 0? to 4?C, except as noted. The 
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and then made 0.34 percent to sodium 
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treated with high-frequency sound for 
3 to 5 seconds and then shaken manual- 

ly for 1 minute. An equal volume of 

redistilled, buffer-saturated phenol, con- 

taining 0.1 percent of 8-hydroxyquino- 
line, was added; the emulsion was then 
mixed at 60?C for 5 minutes and rapid- 
ly chilled. The emulsion was broken 

by centrifugation and the aqueous phase 
was reextracted with hot phenol for 3 
minutes. To the final aqueous phase, 
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Fig. 1. Effect of treatment with actinomy- 
cin D on rapidly synthesized RNA from 
lymphocytes stimulated with streptolysin 0. 
Parallel cultures, 5 X 107 lymphocytes 
each, 2 X 10? cells/mi, were incubated 
for 7 days with streptolysin O (4 ml of 
standard streptolysin O reagent per cul- 
ture). Both cultures were incubated with 
uridine-H3 (10 u/ml, 4 to 7 c/mmole) 
for 30 minutes. One culture was then 
harvested ("pulse"), and actinomycin D 
(10 ,ug/ml) and unlabeled uridine (2 mg) 
were added to the other. After 1 hour 
of further incubation this culture was 
harvested ("chase"). RNA was extracted 
and sedimented in a sucrose gradient (5 
to 20 percent) at 25,000 rev/min for 11 
hours in a Spinco SW25 rotor. The gradi- 
ent was pumped through a recording spec- 
trophotometer to determine ultraviolet 
absorbancy (OD2o5), and 30 to 35 serial 
fractions were collected and analyzed for 
radioactivity in a liquid-scintillation count- 
er. - , OD2cio; O-- O, count/min 
for pulse; * - , count/min for 
chase. Relative sedimentation constants 
were calculated (13). 
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unlabeled rabbit or rat liver RNA was 
added as carrier, and the RNA was 

precipitated with two volumes of alco- 
hol at -20?C. The precipitate was dis- 
solved in acetate buffer, purified by 
passage through Sephadex G-25, and 

precipitated again with alcohol. The 

precipitated material was analyzed by 
sucrose density-gradient ultracentrifuga- 
tion (2, 5). For analysis of the base 
ratios in the RNA, P32-labeled samples 
from sucrose gradients were collected 
in an ice bath. Portions of each sample 
were dried and subjected to acid pre- 
cipitation on filter paper for assay of 

radioactivity (9); the remainder of the 
fractions were combined as pools repre- 
senting different regions of the gradi- 
ent. Yeast RNA was added as carrier, 
and RNA was precipitated at 4?C from 
the pools with 2 percent perchloric acid 
and hydrolyzed for 18 hours with 0.3N 
KOH at 37?C. Separation of ribonucle- 
otides was performed by thin-layer elec- 

trophoresis (10) with pyridine-acetate 
buffer (11). Nucleotide spots were lo- 
cated under ultraviolet light and were 
removed from the thin-layer plates with 
a razor, after being sprayed with 
Neatan (12). Radioactivity of the cellu- 
lose spots was assayed in a liquid- 
scintillation counter. 

When lymphocytes from a suscepti- 
ble subject were incubated with strepto- 
lysin O for 7 days (a time when anti- 
gen-stimulated cell enlargement and 
mitotic activity were maximum), pulse- 
labeling RNA sedimented in polydis- 
perse fashion (Fig. 1). However, the 
largest accumulation of rapidly synthe- 
sized RNA sedimented at 45 to 50S 
(13). We have obtained similar results 
with tuberculin as a specific antigen in 
place of streptolysin 0. This finding is 
similar to that reported for rapidly syn- 
thesized RNA produced in vivo in anti- 
gen-stimulated lymphoid tissues (spleen 
and lymph node) of the rat (14), and 
also resembles observations on other 
cell culture systems (6, 7). When 
pulse-labeled cells were "chased" by 
subsequent exposure to actinomycin D 
and unlabeled uridine for 1 hour, most 
of the label incorporated during the 
pulse period (usually > 60 percent) 
remained in macromolecular form and 
sedimented with ribosomal RNA, as 
seen by comparison with the ultraviolet- 
absorbancy profile (Fig. 1). The promi- 
nent 45 to 50S peak of pulse-labeled 
RNA was clearly absent after the 
chase. 

Our results are consistent with the 
widely held concept that the 45S ma- 
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terial is a precursor which is subse- 

quently converted to ribosomal RNA 
(6, 7). Apparently this ribosomal pre- 
cursor was extracted by our method, 
and, under the conditions used, actino- 

Table 1. Nucleotide composition of rapidly 
synthesized RNA from lymphocytes incubated 
with PHA for 60 hours, compared with that 
of ribosomal RNA. Rapidly synthesized RNA 
was extracted after a 30-minute incubation 
with H.P3P20 (3 mc/ml) and analyzed 
for base composition. Peak of pulse-labeling 
RNA in this representative experiment was 
in the 15 to 24S region. Ribosomal RNA 
was labeled by a 2-hour incubation of PHA- 
stimulated lymphocytes with H:P3'20, fol- 
lowed by a 3-hour incubation with excess 
nonradioactive phosphate, and finally by a 1- 
hour "chase" treatment with actinomycin D. 
The remaining radioactive RNA sedimented 
entirely with ribosomal RNA. 

Moles per 100 moles G+C/ 

U G A C A+ 

7 to 15S RNA, pulse-labeled 
27.3 28.2 25.7 18.8 0.89 

15 to 24S RNA, pulse-labeled 
26.3 25.4 26.6 20.8 0.86 

24 to 39S RNA, pulse-labeled 
26.3 26.9 24.4 22.3 0.97 

39 to 55S RNA, pulse-labeled 
25.7 29.3 21.5 23.2 1.11 

30S ribosonial RNA 

18.9 33.3 20.9 26.9 1.51 
18S ribosomal RNA 

21.8 30.6 20.3 27.3 1.38 
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Fig. 2. Effect of treatment with actino- 
mycin D on rapidly synthesized RNA 
from PHA-stimulated lymphocytes. Details 
as in Fig. 1, except that cells were incu- 
bated for 60 hours with PHA (25 jg/106 
cells) instead of with streptolysin 0. Sedi- 
mentation was at 25,000 rev/min for 
10.5 hours. -- , OD2o; 0- O, 
count/min for pulse; *--- *, count/ 
min for chase. There is a scale difference 
for count/min between Figs. 1 and 2. 

mycin D neither caused its degradation 
nor prevented its conversion to 18S and 
28S moieties. Thus a large portion of 
the rapidly synthesized RNA in anti- 

gen-stimulated lymphocytes appears to 
be ribosomal precursor, although it is 
evident that nonribosomal RNA is also 
actively produced. 

In similar studies of lymphocytes in- 
cubated with PHA for 60 hours, pulse- 
labeled RNA sedimented with a small 

peak or shoulder at 45 to 50S and a 
larger broad band of material extending 
from 6S to 30S (Fig. 2). The loca- 
tion of the peak of this band varied, 
in different experiments, from near 6S 
to over 20S. After the actinomycin 
chase treatment, a large portion of this 
material was not recovered (Fig. 2). 
The sedimentation pattern of the re- 
maining labeled material only roughly 
approximated that of ribosomal RNA, 
an indication that only a fraction of 
the radioactivity remaining after the 
chase treatment was located in ribo- 
somal RNA (15). Thus, a major por- 
tion of rapidly-synthesized RNA in the 
PHA-stimulated cultures was degraded 
in the presence of actinomycin D, 
not converted to ribosomal RNA as 
would be expected of ribosomal pre- 
cursor. Since only a portion of the 
remaining labeled RNA appears to be 
ribosomal, it may be concluded that a 
quite small segment of the original pulse- 
labeled RNA was ribosomal precursor. 

Analysis of RNA base composition 
(Table 1) revealed a high U-A (16) 
and relatively low G-C content for the 
peak region of pulse-labeling RNA in 
PHA-stimulated cultures (Table 1 :15 to 
24S). This differs from the high G-C 
and low A-U content found for ribo- 
somal RNA (Table 1: 18S and 30S), 
which result agrees with other studies of 
the nucleotide composition of mammali- 
an ribosomal RNA (6, 17). The pulse- 
labeling RNA with base composition 
most closely resembling ribosomal RNA 
was found in the 39 to 55S region of 
the gradient, which contains the ribo- 
somal precursor. 

The largest fraction of rapidly syn- 
thesized RNA in phytohemagglutinin- 
stimulated lymphocytes is seen to be 
nonribosomal by three criteria: (i) Its 
sedimentation profile in sucrose gradi- 
ents is unlike ribosomal precursor or 
ribosomal RNA. (ii) It is relatively un- 
stable to chasing with actinomycin D. 
(iii) Its nucleotide composition is un- 
like that of ribosomal RNA. We have 
shown that when lymphocytes enlarge 
and divide in response to a specific 

517 



antigen they exhibit a pattern of RNA 
metabolism similar to that of other cell 
culture systems (6, 7) in which the 
largest single accumulation of pulse-la- 
beled RNA is precursor to ribosomal 
RNA. The unusually rapid rate of syn- 
thesis of nonribosomal RNA seen af- 
ter PHA stimulation is, therefore, not 
obligatory for growing lymphocytes, but 
must be a response to treatment with 
PHA. 

We also have evidence that the con- 
tinuous presence of PHA is required for 
this phenomenon. When PHA-stimu- 
lated lymphocytes are washed, the RNA 
metabolic pattern appears to revert to 
the predominant synthesis of 45 to 50S 
material, although cell growth does not 
diminish. This alteration sometimes oc- 
curs without washing, after 60 to 70 
hours of incubation with PHA, especial- 
ly if low starting concentrations are 
used. Addition of excess PHA restores 
the major production of 6 to 30S RNA, 
again demonstrating that PHA treat- 
ment is responsible for this pattern of 
RNA synthesis. 

The precise nature and function of 
the abundant nonribosomal RNA pro- 
duced by lymphocytes in the presence 
of PHA are unknown, but an obvious 

hypothesis is that it is messenger RNA 

being produced in large quantity, per- 
haps as a result of the abrogation of 
normal regulatory processes by PHA. 
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Bethesda 14, Maryland 20014 
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Mitotic Waves in Laticifers 

of Euphorbia marginata 

Abstract. A successive pattern of nu- 
clear divisions that result in mitotic 
waves has been observed within the 
coenocytic nonarticulated laticifers of 
embryos of Euphorbia marginata Pursh. 
These waves originate independently in 
the cotyledonary or hypocotyl portion 
of the laticifer and exhibit uni- or bi- 
directional movement at variable veloci- 
ties. Individual nuclei or groups of 
neighoring nuclei in a laticifer were 
observed in a sequence of mitotic stages 
ranging from prophase to telophase; 
division activity varied with individual 
laticifers in an embryo. Two mitotic 

patterns were apparent in the embryo: 
a random pattern associated with vari- 
ous cells in the meristematic area, and 
a successive pattern restricted to the 

laticifer. A substance, synthesized by 
and restricted to the laticifer, may be 
associated with this mitotic pattern. 

Mitotic activity within organisms can 
be broadly categorized into random, 
synchronous, and successive patterns of 
division. Random distribution is the 
most common and characterizes mitot- 
ic activity in vegetative apices (1, 2). 
The simultaneous division pattern is 
most frequently observed in various 

megagametophytes (3), endosperms (4), 
proembryos (5), antheridia (6), sporan- 
gia (7) of plants, and eggs of animals 

(8). Frequency of the successive pattern 
of mitotic division is comparatively low 
and has been reported in endosperm 
(9), laticifers (10), and in some animal 

eggs where an initial synchronous pat- 
tern is followed by successive mitotic 
waves (8). 
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Successive division that results in a 
mitotic wave occurs in the nonarticulat- 
ed laticifer, a specialized coenocytic 

cell in Euphorbia marginata Pursh. A 
limited number of laticifers, a cell type 
restricted to only a few families of flow- 
ering plants, originates during the early 
heart stage in embryo development. The 
laticiferous cell branches and it also 
becomes coenocytic by repeated divi- 
sions of its nucleus. In addition, some 
branches of the laticifer permeate down- 
ward into the hypocotyl and penetrate 
very close to the root meristem, while 
others extend into the developing 
epicotyl. The hypocotyl is an excellent 
location for study of the division pat- 
tern in the laticifer because a consider- 
able number of nuclei occur in a row 
within a relatively short length of the 
cell. 

Observations were made from paraf- 
fin-embedded histological sections of im- 
mature embryos of E. marginata in 
various stages of development. 

Division sequence for a row of nu- 
clei in the laticifer consistently follows 
the successive pattern of mitosis. Mitot- 
ic activity is not randomly distributed 

along a laticifer. 
Two sites of origin of mitotic waves, 

one in the middle of the cotyledon and 
the other in the upper half of the 

hypocotyl, have been observed. The 
mitotic wave that originates in the 

cotyledon exhibits a unidirectional 
movement toward the cotyledonary 
node, while in the hypocotyl it may 
display either unidirectional or bidirec- 
tional flow. 

Only one uni- or bidirectional wave 
was observed in any one laticifer. From 
the point of origin, a retrogressive se- 

quence of divisional stages from telo- 

phase to prophase was observed in both 
directions along the laticifer, or in only 
one direction (Fig. 1). This successive 

pattern of mitotic activity suggests that 
division is controlled by a substance dif- 

fusing along the axis of the laticifer. 
The mitotic waves in the cotyledonary 

and hypocotyl branches of the laticifer 
are out of phase. When nuclear divi- 
sions were observed in the cotyledon- 
ary portion of the laticifer, none were 
evident in the hypocotyl axis of the 
cell. 

The length of mitotic waves varied 
both in the same laticifer and in dif- 
ferent ones. A wave consisted of as 
few as 4 (Fig. 1) or as many as 28 

nuclei, representing all stages of mito- 
sis. The shorter wave usually occurred 

cell in Euphorbia marginata Pursh. A 
limited number of laticifers, a cell type 
restricted to only a few families of flow- 
ering plants, originates during the early 
heart stage in embryo development. The 
laticiferous cell branches and it also 
becomes coenocytic by repeated divi- 
sions of its nucleus. In addition, some 
branches of the laticifer permeate down- 
ward into the hypocotyl and penetrate 
very close to the root meristem, while 
others extend into the developing 
epicotyl. The hypocotyl is an excellent 
location for study of the division pat- 
tern in the laticifer because a consider- 
able number of nuclei occur in a row 
within a relatively short length of the 
cell. 

Observations were made from paraf- 
fin-embedded histological sections of im- 
mature embryos of E. marginata in 
various stages of development. 

Division sequence for a row of nu- 
clei in the laticifer consistently follows 
the successive pattern of mitosis. Mitot- 
ic activity is not randomly distributed 

along a laticifer. 
Two sites of origin of mitotic waves, 

one in the middle of the cotyledon and 
the other in the upper half of the 

hypocotyl, have been observed. The 
mitotic wave that originates in the 

cotyledon exhibits a unidirectional 
movement toward the cotyledonary 
node, while in the hypocotyl it may 
display either unidirectional or bidirec- 
tional flow. 

Only one uni- or bidirectional wave 
was observed in any one laticifer. From 
the point of origin, a retrogressive se- 

quence of divisional stages from telo- 

phase to prophase was observed in both 
directions along the laticifer, or in only 
one direction (Fig. 1). This successive 

pattern of mitotic activity suggests that 
division is controlled by a substance dif- 

fusing along the axis of the laticifer. 
The mitotic waves in the cotyledonary 

and hypocotyl branches of the laticifer 
are out of phase. When nuclear divi- 
sions were observed in the cotyledon- 
ary portion of the laticifer, none were 
evident in the hypocotyl axis of the 
cell. 

The length of mitotic waves varied 
both in the same laticifer and in dif- 
ferent ones. A wave consisted of as 
few as 4 (Fig. 1) or as many as 28 

nuclei, representing all stages of mito- 
sis. The shorter wave usually occurred 
in the upper half of the cotyledon or 
in the cotyledonary node. Temporally, 
metaphases and telophases were the 

SCIENCE, VOL. 152 

in the upper half of the cotyledon or 
in the cotyledonary node. Temporally, 
metaphases and telophases were the 

SCIENCE, VOL. 152 


